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Description 

The present invention relates to a video camera 
and, more particularly, to a video camera having an im- 
proved "auto-focus scheme", capable of obtaining an in- 
focus image of an object moving at high speed, and hav- 
ing a image-processing function for the in-focus image. 

Conventional auto-focus schemes for a video cam- 
era are mainly classified into an "active scheme" and a 
■passive scheme" in accordance with whether a search 
signal serving as a distance measurement reference is 
output (emitted) or not. 

The active scheme emits, e.g., an ultrasonic wave 
or an infrared ray and receives the wave or ray reflected 
by an object. To the contrary, the passive scheme de- 
termines an object distance in accordance with only a 
video signal. 

In these two types of auto-focus schemes, automat- 
ic focusing is performed such that an in-focus decision 
signal is obtained from any means, and a focusing lens 
or the like is moved by a motor in accordance with a 
drive signal corresponding to this decision result. 

In such a conventional scheme, a focusing opera- 
tion is performed after the in-focus state is decided, and 
the motor speed determines the focusing speed. There- 
fore, the focusing speed is limited, and an error often 
occurs in focusing on an object moving at a high speed. 

In an image picked up by fixing the focal position 
after an in-focus state is obtained, it can be kept in the 
in-focus position within a normal depth of field (i.e. focal 
depth of image), but is set in a defocus state in a range 
falling outside the normal depth of field. Therefore, an 
image focused in a larger depth of field cannot be ob- 
tained. 

In recent years, the importance of security in a va- 
riety of fields has been increasing along with the devel- 
opment of an information-oriented society. As an exam- 
ple, an image surveillance system used to detect an in- 
truder or the like is available. When the number of sur- 
veillance areas checked by operators on monitors is in- 
creased, the operators who always check the monitors 
are overloaded, and reliability is degraded. Strong de- 
mand, therefore, has arisen for providing an automatic 
image surveillance system. 

When a moving robot is to be designed, a technique 
for detecting a moving object from instantaneously 
changing scenes obtained by a moving image pickup 
system is required. There are recently provided some 
systems for performing automatic surveillance using TV 
cameras. In these systems, a still image of an environ- 
ment is picked up as a background image. Differences 
between this background image and time-serially ob- 
tained images are sequentially obtained, and a total sum 
of change amounts in a predetermined area is obtained. 
The total sum is compared with a threshold value to de- 
cide "intrusion" within the field of view. 

According to this scheme, in an environment where 
an illuminance varies as in an outdoor condition and a 



condition under fluorescent illumination, the brightness 
of the background area is changed due to variations in 
illumination. For this reason, it is difficult to separate and 
detect a change caused by an intrusion object, thereby 
s degrading system reliability. According to this scheme, 
only the presence of an intrusion object is detected. In- 
formation representing the direction of movement of the 
intrusion object cannot be obtained. In addition, when 
the field of view is always changing as in a moving robot, 
10 the background area is also moved. Therefore, intrusion 
decision cannot be performed by only direct differences. 

In order to solve various problems described above, 
the optical flow in a target area is obtained from a time- 
serial image, and the background area is separated 
is from the intrusion object on the basis of the optical flow, 
thereby performing highly reliable detection. Extensive 
studies have been made for a fundamental technique in 
this scheme as motion analysis in the fields of computer 
visions since late 1970. 

The techniques conventionally subjected to the 
above extensive studies are classified into a "gradient- 
based technique" using spatial and time changes in im- 
age densities and a "feature-based technique" for ex- 
tracting features (characteristics) such as edges from 
an image and estimating a movement amount from a 
correlation result between the corresponding features 
in images having a time difference. The former tech- 
nique has an advantage in that a movement amount with 
respect to an image as a whole can be obtained. How- 
ever, since this technique uses a differential calculation, 
precision is greatly degraded by noise mixture in an im- 
age. In addition, estimated values for a coarse texture 
area and a boundary object area become inaccurate. 
The latter scheme has inaccurate movement amounts 
because feature values are used. However, degradation 
of precision by noise can be minimized in the lattertech- 
nique. 

In either technique, since time differences and po- 
sitional differences (the latter differences are typical in 
the case of moving robot applications) are large using 
a time-serial image directly obtained by a conventional 
TV camera, it is difficult to set ranges corresponding to 
differential calculations and feature values. A highly re- 
liable optical flow cannot be obtained, and almost no 
practical applications have been made. 

As described above, in auto-focus schemes of the 
conventional image surveillance apparatuses and video 
cameras, an increase in focusing speed is limited by its 
structural characteristics, and at the same time an error 
occurs in an object moving at high speed. In addition, it 
is difficult to obtain a clear in-focus image in the range 
from the infinite position to the closest position (i.e., a 
wide range in the direction of the depth of field) in the 
entire image pickup area. 

When a time-serial image picked up by the conven- 
tional image pickup apparatus is used, time and posi- 
tional differences are large, and a highly reliable optical 
flow is difficult to obtain. 
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A servo-mechanism for positioning an image pickup 
device in different image pickup planes, each image sig- 
nal being stored in frame memories and the part having 
the maximum space frequency being discriminated is 
disclosed by Patent Abstracts of Japan, vol. 11, no. 181 
(P-585) 1987, JP-A-62 011 836. 

Oscillation at high speed in the direction of the op- 
tical axis using a piezoelement of an image pickup ele- 
ment is described in Patent Abstracts of Japan, vol. 12, 
no. 300 (P-745) 1988, JP-A- 63 073 213. 

DE-A-3 905 619 describes motion generating 
means coupled to either the image pickup element or to 
the lens system. 

Automatic focus adjustment by vibrating an image 
pickup element by a piezoelectric element in optical-axis 
direction is described in Patent Abstracts of Japan vol. 
12, no. 276 (P-737) 1988, JP-A-63 056 622. 

It is an object of the present invention to provide an 
image pickup apparatus such as a video camera capa- 
ble of increasing a focusing speed and realizing a high- 
speed auto-focus operation free from operational errors. 

It is another object of the present invention to pro- 
vide a video camera wherein a means for performing an 
image pickup operation of an image pickup element at 
an arbitrary position while a lens or the image pickup 
element is vibrated at a predetermined period in a direc- 
tion of an optical axis is used, a time-serial image having 
small time and positional differences is obtained, and a 
highly reliable optical flow is obtained, thereby providing 
a highly precise image surveillance function by using the 
highly reliable optical flow. 

According to a first aspect of the present invention 
there is provided a video camera comprising: 
a video camera body having an image pickup element 
for picking up optical information incident on a lens sys- 
tem; and 

vibration generating means, mechanically coupled 
to said image pickup element, for applying a vibra- 
tion to said image pickup element with a predeter- 
mined stroke of amplitude in a direction of an optical 
axis and causing said image pickup element to per- 
form image pickup operations at a plurality of posi- 
tions; wherein 

said vibration generating means comprises: 
a vibration drive source, mechanically coupled to 
said lens system or said image pickup element, for 
applying a vibration drive force to at least one of said 
lens system and said image pickup element, and 
vibration source control means for applying a pre- 
determined control signal to said vibration drive 
. source to generate a vibration at a predetermined 
period; and 

said vibration source control means comprises an 
actuator control circuit, and 
said vibration drive source comprises a piezoelec- 
tric actuator, 

said piezoelectric actuator being constituted by two 



cantilevered bimorph structures each consisting of 
a plurality of S-shaped driven bimorph elements. 

According to a second aspect of the present inven- 
5 tion there is provided a video camera comprising: 

an image pickup element for receiving optical infor- 
mation of an object to be photographed after the op- 
tical information passes through a lens system, and 
10 performing an image pickup operation; 

vibration generating means, mechanically coupled 
to said image pickup element, for applying a vibra- 
tion to said image pickup element with a predeter- 
mined stroke of amplitude in the direction of the op- 
15 tical axis; 

sampling means for extracting image signals at pre- 
determined time intervals from a plurality of image 
signals of different focal positions obtained from 
said image pickup element at a plurality of positions 
20 within the stroke; and 

image memory means for time-serially storing sam- 
pling images acquired from said image pickup ele- 
ment; wherein said vibration generating means has 
a vibration drive source comprising a piezoelectric 
25 actuator, said piezoelectric actuator being constitut- 
ed by two cantilevered bimorph structures each 
consisting of a plurality of S-shaped driven bimorph 
elements. 

30 Instead of obtaining one image by a "focusing" op- 
eration, the image pickup element is always vibrated 
along the optical axis to perform image pickup opera- 
tions at a plurality of arbitrary positions (i.e., intermedi- 
ate positions within the amplitude of the vibration), and 

35 at least one image whose focal points are matched is 
obtained from the plurality of images obtained by the 
above image pickup operations, thereby extracting and 
visualizing its clear image. 

One arrangement of the video camera according to 

40 the present invention comprises an image pickup ele- 
ment, having an auto-focus function, for picking up an 
optical image obtained through a lens system, means 
for vibrating the image pickup element at a predeter- 
mined period in a direction of an optical axis, and for 

45 causing the image pickup element to perform image 
pickup operations at a plurality of arbitrary positions, and 
means for extracting a predetermined image signal from 
the plurality of image signals of different focal positions 
obtained by the image pickup element. 

50 The means for extracting the predetermined image 
signal employs the following techniques: 

(1) a technique for extracting an image signal hav- 
ing highest in-focus precision from the plurality of 

55 image signals of the different focal positions; and 

(2) a technique for dividing each of the plurality of 
image signals into a plurality of areas, performing 
focus detection in units of divided areas, and ex- 
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tracting divided areas (image signals) correspond- 
ing to highest in-focus precision from the areas and 
synthesizing the extracted areas. 

The vibration period of the image pickup element is 
preferably synchronized with a frame period of an image 
signal. 

Furthermore, a piezoelectric actuator is used as a 
drive source for driving the image pickup element. 

The video camera according to the present inven- 
tion is arranged as its application in the following man- 
ner. 

Another arrangement of this video camera compris- 
es means for picking up an optical image obtained 
through a lens system, means for vibrating a lens or an 
image pickup element at a predetermined period in a 
direction of an optical axis and for causing the image 
pickup element to perform image pickup operations at 
arbitrary positions, means for extracting an optical flow 
from a plurality of images obtained from the image pick- 
up element, and means for detecting a moving object 
by using the optical flow, wherein time-serial images ob- 
tained by linearly vibrating the image pickup element or 
the lens in the direction of the optical axis are accumu- 
lated, an optical flow between the accumulated time-se- 
rial images is obtained, and motion vector strings ob- 
tained by connecting the corresponding vectors are sep- 
arated into motion vector strings having FOE (Focus Of 
Expansion) points by the above vibration and motion 
vector strings without FOE points, thereby detecting an 
intrusion object. 

Image pickup operations are performed while the 
image pickup element is always vibrated along the op- 
tical axis. Video signals obtained in the vibrated state of 
the image pickup element are processed in accordance 
with a predetermined sequence. Therefore, "high-speed 
focusing" operations can be performed, and at the same 
time, an image having a wider focal range from the infi- 
nite position to the closest position (i.e., a wide range in 
the direction of the depth of field of the object) can be 
obtained. 

A practical technique for obtaining the above image 
signal is as follows. 

An image signal is sampled at a plurality of arbitrary 
points during movement of the image pickup element, 
and only an image having highest in-focus precision is 
output and visualized. By using this highly precise im- 
age, predetermined image processing is performed 
while the vibratbn period of the image pickup element 
is synchronized with the frame period of the image sig- 
nal, thereby always obtaining an in-focus motion image. 
In addition, the technique for processing the sampled 
images is changed to obtain an in-focus image in the 
wider range from the infinite position to the closest po- 
sition. 

According to another technique, the vibration period 
of the image pickup element is synchronized with the 
frame period of the image signal so that the image re- 



ception positions are set identical to each other. Elec- 
tronic auto-focus control is performed while the image 
reception positions or its setup are synchronized with 
the focus signals, thereby always obtaining an in-focus 

5 motion image. 

In another video camera according to the present 
invention, images are input while the lens or the image 
pickup element is vibrated to obtain time-serial images 
having small time and positional differences. As a result, 

10 "correlation search" can be easily performed. The highly 
precise optical flow can be obtained although this can- 
not be obtained by images picked up by the convention- 
al image pickup element. In addition, vibration linearity 
can be precisely controlled, so that precision of FOE 

*5 measurement can be improved. Therefore, the back- 
ground can be separated from the motion of the moving 
object, thereby obtaining a highly precise image. 

This invention can be more fully understood from 
the following detailed description when taken in con- 

20 junction with the accompanying drawings, in which: 



Fig. 1 is a diagram showing a schematic arrange- 
ment including a section of the main part of a video 
camera along a direction of an optical axis accord- 
ing to an embodiment of the present invention; 
Figs. 2A to 2C are views showing an arrangement 
of a video camera body and a piezoelectric actuator 
used in the embodiment of the present invention; 
Fig. 3 is a graph showing a relationship between the 
position and time of an image pickup element of the 
video camera described above and the distance to 
an object; 

Figs. 4A and 4B are views showing states of image 
extraction in the embodiment; 
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In the schematic arrangement of a video camera ac- 
cording to the present invention, as shown in Fig. 1 , a 
lens system 10 comprises a focusing lens 11 which is 
used in focusing but is not moved in zooming, a zoom 

40 lens 12 moved to change the size of an image formed 
by the focusing lens 11, a focal position correction lens 
1 3 called a "compensator" moved to maintain an image 
formation position constant, and a relay lens or con- 
denser lens 1 4. Each of these lenses 1 1 to 1 4 comprises 

45 a plurality of lenses. The lens system 1 0 comprise four 
groups of lenses. 

A low-pass filter 15 is located behind the lens sys- 
tem 10. An image pickup element 20 is located behind 
the low-pass filter 1 5 to pick up an optical image. Optical 

50 information of an object to be photographed or the like 
is incident on the image pickup element 20 through the 
lens system 10 and is picked up (photo-electrically) by 
the image pickup element 20. 

The image pickup element 20 is always vibrated 

55 with a stroke (amplitude) of about 3 mm in a direction of 
an optical axis by a vibration generation system 100 in- 
cluding a piezoelectric actuator 70. This stroke value is 
a value required to perform focusing upon movement of 
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the image pickup element from the infinite position to 
the closest position of 1 m in an 1/2" optical system with 
zooming having a magnification of 6. A position x<*> of 
the image pickup element 20 corresponding to a dis- 
tance oo to the object is assumed to represent a position 5 
of the image pickup element closest to the lens system 
10. A position x1m of the image pickup element 20 cor- 
responding to a distance of 1 m to the object is assumed 
to represent a position of the image pickup element 20 
farthest from the lens system 10. During the operation, 
the image pickup element 20 is vibrated between the 
above two points (stroke) to obtain a plurality of image 
signals. 

A plurality of time-serial image signals obtained by 
the image pickup element 20 are input to an image input 
system 200 for sequentially processing these plurality 
of image signals. Each input image signal is input to an 
image signal processing circuit 22 connected to the im- 
age pickup element 20 and is subjected to processing 
such as A/D conversion. Thereafter, the precessed im- 
age signal is temporarily stored in an image field (i.e., 
frame) memory 35 (in units of time-serial signals). In- 
focus states of the plurality of converted image signals 
are detected by an in-focus decision circuit 24 connect- 
ed to the image signal processing circuit 22 in units of 
images. The clearest image is selected from the plurality 
of image signals as a result of this detection. Desired 
images are partially extracted by, e.g., an image synthe- 
sizing circuit 26, as needed, and are synthesized as one 
image in an output image memory 60 by synthesis 
processing. The synthesized image is finally displayed 
and output on a screen 80. 

A motor 50 in Fig. 1 constitutes an auto-zoom mech- 
anism for driving the zoom lens 1 2 through a pinion and 
a worm gear in the direction of the optical axis to change 
a focal length. 

A normal operating shape of the piezoelectric actu- 
ator 70 is shown in Fig. 2A, and deformed shapes during 
its operations are shown in Figs. 2B and 2C. 

A predetermined control signal having a magnitude 
falling with the range of qV is applied from an actuator 
control circuit 73 to the piezoelectric actuator 70 to al- 
ways vibrate the image pickup element 20 in the direc- 
tion of the optical axis in Figs. 2A to 2C. The stroke (vi- 
bration) of the piezoelectric actuator 70 is about 3 mm 
with respect to the object in the range from the infinite 
position to the closest position of 1 m in the 1/2" optical 
system with zooming having a magnification of 6. The 
image pickup element 37 obtains images of object po- 
sitions corresponding to positions within this stroke. 
These image signals are supplied (input) to the image 
input circuit system 200. 

The lens system 10 comprises 4 lens groups con- 
sisting of the focusing lens 11, the zoom lens 12, the 
focal position correction lens 13, and the relay lens 14. 
The low-pass filter 15 is located behind the lens system 
10. An optical image is formed on the image pickup 
plane of the image pickup element 20 such as a CCD 



through the lens system 10 and the low-pass filter 15. 

The piezoelectric actuator 70 is mounted on the 
side of the image pickup etement 20 opposite to its im- 
age pickup plane to move the image pickup element 20 
in the direction of the optical axis. The piezoelectric ac- 
tuator 70 comprise S-shaped driven bimorph elements 
71a to 71 f. These S-shaped driven bimorph elements 
are elements driven so that displacement directions of 
each bimorph element have opposite phases with re- 
spect to the center along the longitudinal direction. In 
the illustrated arrangement, two structures each con- 
sisting of three S-shaped driven bimorph elements (71a 
to 71c or 71 d to71f) connected in series with each other 
constitute cantilevered bimorph structures. When free 
ends of these two cantilevered bimorph are connected, 
the displacement is increased and the mechanical char- 
acteristics are improved. 

Another pair of cantilevered bimorph structures are 
prepared as in the bimorph elements 71a to 71 f, as in- 
dicated by the alternate long and two short dashed lines, 
thereby further improving the mechanical characteris- 
tics. 

A graph in Fig. 3 shows an operation of a "high- 
speed focusing" operation. Axial movement of the im- 
age pickup element 20 is represented by a polygonal 
line. The position x of the image pickup element (range: 
infinite to 1 m) is plotted along the abscissa of this graph, 
and timet (required to obtain an in-focus state) is plotted 
along the ordinate. A plurality of images corresponding 
to a plurality of arbitrary positions are sampled within the 
movement range of the image pickup element 20. In this 
embodiment, the image pickup element 20 performs 
sampling several times (5 times in this embodiment). 
Driving of the image pickup element 20 by the move- 
ment actuator is set so that the image pickup element 
is stopped for a sampling (predetermined) time or more. 
Note that if the sampling (predetermined) time is suffi- 
ciently shorter than the movement time of the image 
pickup element 20, the stop time need not be provided. 

As shown in Fig. 4F, a plurality (five in this embod- 
iment) of images are obtained during sampling between 
x«> to x1m. High-frequency components of the image 
signals of these images are extracted and integrated to 
detect "focal point evaluation values' for detecting the 
degrees of focusing (i.e., focusing precision: in-focus 
precision). Comparison is performed in units of images. 
Of these images, one image having highest in-focus 
precision is selected and is output as an image. More 
specifically, the vibration period of the image pickup el- 
ement 20 is synchronized with the frame period of the 
image signal. For example, in the IMTSC (National Tel- 
evision System Committee) scheme, when a moving 
speed between x«> and x1m is set to be 1/60 sec, one 
reciprocal stroke (i.e., one period of the vibration) cor- 
responds to one frame in the NTSC scheme. As a result, 
a motion image is always obtained in an in-focus state. 

A video camera as an imaging apparatus suitable 
for an application in which an in-focus image is obtained 
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on the entire screen if so desired further comprises the 
image synthesizing circuit 26 for performing image syn- 
thesis processing. 

More specifically, during each movement cycle be- 
tween xoo and xlm, the image synthesizing circuit 26 di- 
vides each sampling image into a plurality of areas, as 
shown in Fig. 4B, and focus detection is performed in 
units of divided areas. During one movement cycle be- 
tween xoo and x1m, only in-focus areas are extracted 
from the memory 35 to synthesize them into one image. 
Therefore, an image (e.g., a motion image) having an 
extremely large depth of field, i.e., an in-focus image in 
the entire range from the infinite position to the closest 
position can be obtained. 

In place of the above "extraction and synthesis tech- 
nique", "filtering processing" for filtering a blur portion in 
each image or an "omission and synthesis technique" 
for omitting blur portions of the images and synthesizing 
the resultant images may be employed. 

Another arrangement of "high-speed focusing" op- 
eration will be described below. As in the previous em- 
bodiment, the image pickup element 20 is vibrated in 
synchronism with the frame period of the image signal. 
The reception time of the image signal forming one 
frame is set sufficiently shorter than the vibration period, 
and only image signals at given focal positions within 
the vibration range are read. Since the vibration period 
coincides with the frame period, the read position can 
be electronically and arbitrarily controlled. A focal point 
evaluation value is detected from the read image signal, 
and the read position is fed back, thereby performing 
auto-focus processing. Since the auto-focus feedback 
system can be constituted by only electronic circuits, in- 
focus motion images can always be obtained. 

The image signals obtained during movement be- 
tween two points falling within the range of x<» and x1m 
are received and displayed. For example, when a dis- 
play operation is performed every 30 frames/sec as in 
the NTSC scheme, an image is obtained such that im- 
ages overlap from an image of the closest position to an 
image of the infinite position. Although image quality is 
slightly degraded, this scheme can provide an in-focus 
image in a wide range from the infinite position to the 
closest position. Therefore, a clear object having a high 
contrast level can be sufficiently recognized. A better im- 
age can be obtained when image processing is per- 
formed. 

The above description exemplifies a technique for 
obtaining an in-focus image within a field. The image 
pickup element 20 need not be operated at very high 
speed (e.g., vibration in this case), and any scheme may 
be employed if an appropriate in-focus image is ob- 
tained by simpler processing. 

Various changes and modifications may be made 
without departing from the scope of the present inven- 
tion. 

The above embodiment according to the present in- 
vention can cope with an object or the like which is mov- 



ing at high speed in a wider range of the depth of field, 
which operation has not been made by a conventional 
video camera with an auto-focus mechanism. There is 
therefore realized a video camera having a high focus- 
ing speed capable of obtaining an in-focus image at a 
higher speed in accordance with predetermined image 
processing. 

The present invention is applicable as a modifica- 
tion to a system including an image apparatus having a 
moving field of view as in a moving robot in addition to 
an arrangement in which the field of view is stationary 
and the image pickup plane vibrates, if the moving di- 
rection is regarded as a linear direction. In this modifi- 
cation, a point for generating a motion vector string of 
the background area is not an FOE point generated by 
the vibration of the image pickup plane, but an FOE po- 
sition obtained upon vibration of the image pickup plane 
in a third direction obtained by synthesizing the moving 
direction of the moving robot and the vibration of the im- 
age pickup plane. If the vibration speed is sufficiently 
higher than the speed of the moving robot, the FOE po- 
sition almost coincides with the FOE point generated by 
only vibration of the image pickup plane. 

In addition, when the motion vector string of the in- 
trusion object is analyzed, its moving direction can be 
detected. 

Various changes and modifications may be made 
without departing from the scope of the invention. 

A highly reliable optical flow is obtained from time- 
serial images having small time and positional differenc- 
es obtained upon vibration of a lens or image pickup el- 
ement at a predetermined period in a direction of an op- 
tical axis, and image processing is performed to sepa- 
rate the movement of the background from that of the 
moving object by using the optical flow, thereby obtain- 
ing a high-quality image. By changing a sampling image 
processing technique in image processing in accord- 
ance with an application purpose, in-focus motion imag- 
es throughout the entire range from the infinite position 
to the closest position can be picked up. For example, 
the present invention can be applied to a variety of ap- 
plications such as an image surveillance apparatus (e. 
g., an intrusion surveillance camera) which always re- 
quires in-focus images. 

In addition, intrusion detection can be performed 
while the field of view is always moving as in a moving 
robot, which detection cannot be performed by conven- 
tional direct differences. That is, by analyzing the motion 
vector string of the intrusion object to detect the moving 
direction, actions such as a collision preventive action 
and an emergency stop in operations of the robot can 
be appropriately selected, thus providing a variety of ap- 
plications and advantageous effects. 



55 

Claims 



1 . A video camera comprising: 
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a video camera body (1) having an image pickup 
element (20) for picking up optical information inci- 
dent on a lens system (10); and 

vibration generating means (100), mechanical- $ 
ly coupled to said image pickup element, for ap- 
plying a vibration to said image pickup element 
with a predetermined stroke of amplitude in a 
direction of an optical axis and causing said im- 
age pickup element to perform image pickup 10 
operations at a plurality of positions; character- 
ised in that 

said vibration generating means (1 00) compris- 
es: 

a vibration drive source (70), mechanically cou- '5 
pled to said lens system (1 0) or said image pick- 
up element (20), for applying a vibration drive 
force to at least one of said lens system and 
said image pickup element, and 
vibration source control means (73) for apply- 20 
ing a predetermined control signal to said vibra- 
tion drive source to generate a vibration at a 
predetermined period; and 
said vibration source control means (73) com- 
prises an actuator control circuit, and 2s 
said vibration drive source (70) comprises a pi- 
ezoelectric actuator, 

said piezoelectric actuator being constituted by 
two cantilevered bimorph structures each con- 
sisting of a plurality of S-shaped driven bimorph 30 
elements (71a -71f). 

A video camera comprising: 

an image pickup element (20) for receiving op- 3S 
tical information of an object to be photo- 
graphed after the optical information passes 
through a lens system, and performing an im- 
age pickup operation; 

vibration generating means (100), mechanical- 40 
ly coupled to said image pickup element, for ap- 
plying a vibration to said image pickup element 
with a predetermined stroke of amplitude in the 
direction of the optical axis; 
sampling means (22) for extracting image sig- 
nals at predetermined time intervals from a plu- 
rality of image signals of different focal posi- 
tions obtained from said image pickup element 
at a plurality of positions within the stroke; and 
image memory means (35) for time-serially so 
storing sampling images acquired from said im- 
age pickup element; characterised in that said 
vibration generating means (1 00) has a vibra- 
tion drive source (70) comprising a piezoelec- 
tric actuator, said piezoelectric actuator being ss 
constituted by two cantilevered bimorph struc- 
tures each consisting of a plurality of S-shaped 
driven bimorph elements (71a-71f). 



3. A video camera according to claim 2, characterised 
by further comprising: 

in-focus decision extracting means (24) for 
extracting a high-frequency component from an im- 
age signal of the sampling image, detecting a focal 
point evaluation value for evaluating a degree of fo- 
cusing upon integrating processing, comparing the 
focal point evaluation values of the plurality of im- 
ages, and selecting a sampling image having a larg- 
est focusing precision value. 

4. A video camera according to claim 2, characterized 
by further comprising: 

image synthesizing means (26) for dividing 
the sampling image into a plurality of areas perform- 
ing focus detection in each divided area, and ex- 
tracting only in-focus areas from said image mem- 
ory means to synthesize the in-focus areas into a 
single image. 

5. A video camera according to claim 2, characterised 
by including: 

said lens system (10) for focusing optical infor- 
mation of an object to be photographed or the 
like; 

said image pickup element (20) for performing 
electrical image pickup operations; 
said vibration generating means (100) for vi- 
brating said image pickup element itself, or part 
or all of said lens system with a predetermined 
amplitude at a predetermined period in a direc- 
tion of an optical axis; 

an image input system (200), connected to said 
vibration generating means, for performing pre- 
determined information conversion processing 
for processing an image output; and 
said image memory (35) for storing the image 
output; 

further including a CPU (90) for controlling the 
image processing, a control bus (9) connected 
to said CPU to transmit a control signal from 
said CPU, and an image bus (8) for transmitting 
image information, 

wherein said control bus is connected to: 
an optical flow detecting system (300) for de- 
tecting features and similarity points of the im- 
age; 

an optical flow memory (65) for storing informa- 
tion associated with the optical flow for surveil- 
lance processing; 
, . a Focus of Expansion, abbreviated FOE, meas- 
uring circuit system (400) for measuring an 
FOE point from which the optical flow of a sta- 
tionary object in the image is generated; and 
an intrusion decision circuit system (500) for 
detecting an intrusion object. 
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6. A video camera according to claim 5, characterised 
in that: 

said image input system (200) performs prede- 
termined conversion processing of input image s 
information obtained in a half cycle of a vibra- 
tion period and stores processed information in 
said image memory through said image bus, 
and 

said image input system (200) comprises: 10 
an A/D converter (6) for converting the image 
signal output from said camera body (1) into a 
digital signal; and 

an ITV interface (7) for transmitting the digital 
image signal to said image memory (35). is 

7. A video camera according to claim 5, characterized 
in that: 

said optical flow detecting system (300) obtains 20 
a motion associated with a corresponding area 
from a plurality of time-serial images prestored 
in said image memory in accordance with pre- 
determined analysis processing to obtain an 
optical flow of the corresponding area, and 25 
said optical flow detecting system (300) com- 
prises: 

a feature and similarity detector circuit (31 0) for 
detecting features and similarity points of the 
images; and 30 
a feature and similarity detection memory (350) 
for storing the detection process and a detec- 
tion result thereof. 



8. 



A video camera according to claim 5, characterised 
in that: 



35 



said FOE measuring circuit system (400) ana- 
lyzes motions of a background and an object to 
obtain an optical flow between images of the 40 
background and the object, and measures an 
FOE (Focus of Expansion) point in which an op- 
tical flow of a stationary object obtained upon 
movement of an image pickup plane in a direc- 
tion of an optical axis is generated from a mo- 45 
tion vector string obtained by connecting corre- 
sponding vectors of the optical flow, and 
said FOE measuring circuit system (400) com- 
prises: 

a line detecting circuit (42) for obtaining linear so 
expressions from the motion vector string 
based on the optical flow by using a predeter- 
mined method; 

an FOE calculation circuit (44) for obtaining in- 
tersections of a plurality of straight lines repre- ss 
sented by the linear expressions and calculat- 
ing coordinates of the FOE point according to 
a predetermined method; and 



an FOE memory (46) for storing the calculated 
coordinates of the FOE point. 

9. A video camera according to claim 5, characterised 
in that: 

said intrusion decision circuit system (500) de- 
cides to separate the plurality of images into an 
image having the FOE point and an image hav- 
ing no FOE point to detect an intrusion object, 
and 

said intrusion decision circuit system (500) 
comprises: 

a decision circuit (52) for determining that the 
lines obtained by said FOE measuring circuit 
system (400) pass through the FOE point; and 
a parameter memory (56) for storing a prede- 
termined threshold value and the decision re- 
sult. 



Patentanspruche 

1. Videokamera mit: 

einem Videokamerakorper (1) mit einem Bild- 
aufnahmeelement (20) zum Aufnehmen von 
optischer Information, die auf ein Linsensystem 
(10)falft; und 

einer Vibrationserzeugungseinrichtung (100), 
die mit dem Bildaufnahmeelement mechanisch 
gekoppelt ist, zum Versetzen des Biidaufnah- 
meelements in eine Vibration mit einem vorbe- 
stimmten Amplitudenhub in einer Richtung ei- 
ner optischen Achse und zum Bewirken, daG 
das Bildaufnahmeelement Bildaufnahmevor- 
gange in einer Vielzahl von Positionen durch- 
fuhrt; 

dadurch gekennzeichnet, daB: 

die Vibrationserzeugungseinrichtung (100) 
aufweist: 

eine Vibrationsantriebsquelle (70), die mit dem 
Linsensystem (10) Oder dem Bildaufnahmeele- 
ment (20) mechanisch gekoppelt ist, zum Auf- 
bringen einer Vibrationsantriebskraft auf min- 
destens eines, namlich das Linsensystem oder 
das Bildaufnahmeelement; und 
eine Vibrationsquellensteuereinrichtung (73) 
zum Anlegen eines vorbestimmten Steuersi- 
gnals an die Vibrationsantriebsquelle, urn eine 
Vibration mit einer vorbestimmten Periode zu 
erzeugen; und 

die Vibrationsquellensteuereinrichtung (73) ei- 
ne Antriebsgliedsteuerschaltung aufweist; und 
die Vibrationsantriebsquelle (70) ein piezoelek- 
trisches Antriebsglied aufweist; 
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wobei das piezoelektrische Antriebsglied aus 
zwei einseitig befestigten bimorphen Struktu- 
ren besteht, die jeweils aus einer Vielzahl von 
S-formigen angetriebenen bimorphen Elemen- 
ten (71a-71f) bestehen. s 

2. Videokamera mit: 

einem Bildaufnahmeelement (20) zum Aufneh- 
men von optischer Information eines zu foto- io 
grafierenden Objekts, nachdem die optische 
Information das Linsensystem durchlaufen hat, 
und zum Durchfuhren eines Bildaufnahmevor- 
gangs; 

einer Vibrationserzeugungseinrichtung (100), is 
die mit dem Bildaufnahmeelement mechanisch 
gekoppelt ist, zum Versetzen des Bildaufnah- 
meelements in eine Vibration mit einem vorbe- 
stimmten Amplitudenhub in der Richtung der 
optischen Achse; 20 
einer Abtasteinrichtung (22) zum Extrahieren 
von Bildsignalen in vorbestimmten Zeitinterval- 
len aus einer Vielzahl von Bildsignalen ver- 
schiedener Brennpunktlagen, die von dem 
Bildaufnahmeelement mit einer Vielzahl von 2s 
Lagen innerhalb des Hubs abgegeben werden; 
und 

einer Bildspeicherein richtung (35) zum zeitse- 
riellen Speichern von Abtastbildern, die von 
dem Bildabtastelement bezogen werden; 30 

dadurch gekennzeichnet, daB: 
die Vibrationserzeugungseinrichtung (100) 
eine Vibrationsantriebsquelle (70) mit einem piezo- 
elektrischen Antriebsglied aufweist, wobei das pie- 35 
zoelektrische Antriebsglied aus zwei einseitig befe- 
stigten bimorphen Strukturen besteht, die jeweils 
aus einer Vielzahl von S-formigen angetriebenen 
bimorphen Elementen (71a-71f) bestehen. 

40 

3. Videokamera nach Anspruch 2, dadurch gekenn- 
zeichnet, daB sie ferner folgendes aufweist: 

eine Scharfabbildentscheidung-Extraktions- 
einrichtung (24) zum Extrahieren einer hochfre- 
quenten Komponente aus einem Bildsignal des Ab- 45 
tastbilds, Ermitteln eines Brennpunktbewertungs- 
wertes zum Bewerten eines Grades der Scharfein- 
stellung bei integrierender Verarbeitung, Verglei- 
chen der Brennpunktbewertungswerte der Vielzahl 
von Bildem und Wahlen eines Abtastbildes mit ei- so 
nem groBten Scharfeinstellungsgenauigkeitswert. 

4. Videokamera nach Anspruch 2, dadurch gekenn- 
zeichnet, daB sie ferner folgendes aufweist: 

eine Bildsynthetisierungseinrichtung (26) ss 
zum Teilen des Abtastbildes in eine Vielzahl von Be- 
reichen, Durchfuhren von Brennpunktermittlung in 
jedem Teilbereich und Extrahieren lediglich von 



scharf abgebildeten Bereichen aus der Bildspei- 
chereinrichtung, urn die scharf abgebildeten Berei- 
che zu einem einzigen Bild zu synthetisieren. 

5. Videokamera nach Anspruch 2, dadurch gekenn- 
zeichnet, daB sie folgendes aufweist: 

das Linsensystem (10) zur Scharf einstellung 
von optischer Information eines zu fotografie- 
renden Objekts oder dgL; 
das Bildaufnahmeelement (20) zum Durchfuh- 
ren von elektrischen Bildaufnahmevorgangen: 
die Vibrationserzeugungseinrichtung (1 00) 
zum Versetzen des Bildaufnahmeelements 
selbst Oder des gesamten oder eines Teils des 
Linsensystems in Vibration mit einer vorbe- 
stimmten Amplitude bei einer vorbestimmten 
Periode in einer Richtung einer optischen Ach- 
se; 

ein Bildeingabesystem (200), das mit der Vibra- 
tionserzeugungseinrichtung verbunden ist, 
zum Durchfuhren einer vorbestimmten Infor- 
mationsumwandlungsverarbeitung zur Verar- 
beitung einer Bildausgabe; und 
den Bildspeicher (35) zum Speichern der Bild- 
ausgabe; 

wobei sie ferner folgendes aufweist: eine CPU 
(90) zum Steuern der Bildverarbeitung, einen 
Steuerbus (9), der mit der CPU verbunden ist, 
urn ein Steuersignal von der CPU zu ubertra- 
gen, und einen Bildbus (8) zum Obertragen von 
Bildinformation. 

wobei der Steuerbus verbunden ist mit: 
einem optischen FluBermittlungssystem (300) 
zum Ermitteln von Merkmalen und Ahnlich- 
keitspunkten der Bilder; 
einem optischen FluBspeicher (65) zum Spei- 
chern von Information, die mit dem optischen 
FluB zur Uberwachungsverarbeitung verbun- 
den ist; 

einem Dehnungsbrennpunkt- bzw FOE- 
MeBschaltungssystem (400) zum Messen ei- 
nes FOE-Punktes, von dem der optische FluB 
eines stationaren Objekts im Bild erzeugt wird; 
und 

einem Eindringentscheidung-Schaltungssy- 
stem (500) zum Ermitteln eines Eindringob- 
jekts. 

6. Videokamera nach Anspruch 5, dadurch gekenn- 
zeichnet, daB: 

das Bildeingabesystem (200) eine vorbestimm- 
te Umwandlungsverarbeitung einer Eingabe- 
bildinformation, die in einem halben Zyklus ei- 
ner Vibrationsperiode ermittelt wird, durchfuhrt 
und verarbeitete Information Oberdeh Bildbus 
in dem Bildspeicher speichert; und 
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das Bildeingabesystem (200) aufweist: 

einen A/D-Umsetzer (6) zum Umsetzen des 

vom Kamerakorper (1 ) ausgegebenen Bildsi- 

gnals in ein digitates Signal; und 

eine ITV-Schnittstelle (7) zum Ubertragen des * 

digitalen Bildsignals an den Bildspeicher (35). 

7. Videokamera nach Anspruch 5, dadurch gekenn- 
zeichnet, daB: 

10 

das optische FluBermittlungssystem (300) eine 
einem entsprechenden Bereich zugeordnete 
Bewegung aus einer Vielzahl von vorher in dem 
Bildspeicher gespeicherten zeitseriellen Bil- 
dern entsprechend einer vorbestimmten Ana- '5 
lyseverarbeitung ermittelt, urn einen optischen 
FluB des entsprechenden Bereichs zu ermit- 
teln; und 

das optische FluBermittlungssystem (300) fol- 
gendes aufweist 2° 
eine Merkmal- und Ahnlichkeitsdetektorschal- 
tung (310) zum Ermitteln von Merkmalen und 
Ahnlichkeitspunkten der Bilder; und 
einen Merkmal- und Ahnlichkeitsermittlungs- 
speicher (350) zum Speichem des Ermittlungs- 25 
prozesses und eines Ermittlungsergebnisses 
desselben. 

8. Videokamera nach Anspruch 5, dadurch gekenn- 
zeichnet, daB: so 

das FOE-MeBschaltungssystem (400) Bewe- 
gungen eines Hintergrunds und eines Objekts 
analysiert, urn einen optischen FluB zwischen 
Bildern des Hintergrunds und des Objekts zu 35 
ermitteln, und einen FOE-(Dehnungsbrenn- 
punkt-)Punkt miBt, in dem ein optischer FluB ei- 
nes stationaren Objekts, das bei Bewegung ei- 
ner Bildaufnahmeebene in einer Richtung einer 
optischen Achse aus einer Bewegungsvektor- 40 
kette erzeugt wird, die durch Verbinden ent- 
sprechender Vektoren des optischen Flusses 
erzeugt wird; und 

das FOE-MeBschaltungssystem (400) folgen- 
des aufweist: 45 
eine Linienermittlungsschaltung (42) zum Er- 
mitteln von linearen Ausdrucken aus der Bewe- 
gungsvektorkette auf der Grundlage des opti- 
schen Flusses unter Verwendung eines vorbe- 
stimmten Verfahrens; so 
eine FOE-Berechnungsschaltung (44) zum Er- 
mitteln von Schnittpunkten einer Vielzahl von 
durch lineare Ausdrucke dargestellten geraden 
Linien und Berechnen von Koordinaten des 
FOE-Punkts entsprechend einem vorbestimm- ss 
ten Verfahren; und 

einen FOE-Speicher (46) zum Speichern der 
berechneten Koordinaten des FOE-Punkts. 



9. Videokamera nach Anspruch 5, dadurch gekenn- 
zeichnet, daB: 

das Eindringentscheidung-Schaltungssystem 
(500) festlegt, die Vielzahl von Bildern in ein 
Bild mit dem FOE-Punkt und ein Bild ohne 
FOE-Punkt zu trennen, urn ein Eindringobjekt 
zu ermitteln; und 

das Eindringentscheidung-Schaltungssystem 
(500) folgendes aufweist: 
eine Entscheidungsschaltung (52) zum Be- 
stimmen, daB die von dem FOE-MeBschal- 
tungssystem (400) ermittelten Linien durch den 
FOE-Punkt laufen; und 

einen Parameterspeicher (56) zum Speichem 
eines vorbestimmten Schwellwerts und des 
Entscheidungsergebnisses. 

Revendications 

1 . Camera video comprenant: 

un corps de camera vid6o (1) comportant un 
element de saisie d'image (20) pour saisir une 
information optique arrivant en incidence sur un 
systeme d'objectif (10); et 
un moyen de generation de vibration (100), 
coupte mScaniquement audit element de saisie 
d'image, pour appliquer une vibration audit ele- 
ment de saisie d'image selon une course d'am- 
plitude predetermine suivant une direction 
d'un axe optique et pour forcer ledit element de 
saisie d'image a r£aiiser des operations de sai- 
sie d'image au niveau d'une pluralite de posi- 
tions, 

caracterisee en ce que: 

ledit moyen de generation de vibration (100) 
comprend: 

une source de pilotage de vibration (70), cou- 
plee mecaniquement audit systeme d'objectif 
(10) ou audit Element de saisie d'image (20), 
pour appliquer une force de pilotage de vibra- 
tion a au moins un element pris parmi ledit sys- 
teme d'objectif et ledit element de saisie d'ima- 
ge; et 

un moyen de commande de source de vibration 
(73) pour appliquer un signal de commande 
predetermine a ladite source de pilotage de vi- 
bration afin de generer une vibration selon une 
periode pr6determin6e; et 
ledit moyen de commande de source de vibra- 
tion (73) comprend un circuit de commande 
d'actionneur; et 

ladite source de pilotage de vibration (70) com- 
prend un actionneur piezo-electrique; 



19 



EP 0 484 076 B1 



20 



ledit actionneur pi6zo-6lectrique etant consti- 
tu6 par deux structures bimorphes en porte-a- 
faux dont chacune est constitute par une plu- 
ralite d'eiements bimorphes pilotes en forme de 
S (71a-71f). 5 

2. Camera video comprenant: 

un element de saisie d'image (20) pour recevoir 
une information optique d'un objet a photogra- 10 
phier apres que I'infonmation optique a traverse 
un systeme d'objectif et pour realiser une ope- 
ration de saisie d'image; 
un moyen de generation de vibration (100), 
couple mecaniquement audit 6l6ment de saisie is 
d'image, pour appliquer une vibration audit Ele- 
ment de saisie d'image selon une course d'am- 
plitude predetermine suivant la direction de 
I'axe optique; 

un moyen d'6chantillonnage (22) pour extraire 20 
des signaux d'image selon des intervalles tem- 
porels predetermines a partir d'une plurality de 
signaux d'image de diff6rentes positions foca- 
les obtenus a partir dudit element de saisie 
d'image pour une plurality de positions a I'inte- 25 
rieur de la course; et 

un moyen de m6moire d'image (35) pour stoc- 
ker en s6rie temporelle des images d'echan- 
tillonnage acquises a partir dudit element de 
saisie d'image, so 

caract6ris6e en ce que: 

ledit moyen de generation de vibration (100) 
comporte une source de pilotage de vibration (70) 
comprenant un actionneur pi6zo-eiectrique, ledit 3$ 
actionneur pi6zo-eiectrique etant constitue par 
deux structures bimorphes en porte-a-faux dont 
chacune est constituee par une plurality d'eiements 
bimorphes pilotes en forme de S (71a-71f). 

40 

3. Camera video selon la revendication 2, caracteri- 
see en ce qu'elle comprend en outre : 

un moyen de prise de decision de focalisation 
(24) pour extraire une composante haute frequence 
a partir d'un signal d'image de I'image d'echantillon- *s 
nage, pourdetecter une valeur revaluation de point 
focal pour evaluer un degre de focalisation suite a 
un traitement d* integration, pour comparer les va- 
leurs devaluation de point focal de la plurality 
d'images et pour seiectionner une image d'echan- so 
tillonnage presentant une valeur de precision de fo- 
calisation la plus importante. 

4. Camera video selon la revendication 2, caracteri- 
s6e en ce qu'elle comprend en outre : ss 

un moyen de synthase d'image (26) pour di- 
viser I'image d'echantillonnage en une pluralite de 
zones en realisant une detection de focalisation 



dans chaque zone divisee et en extrayant seule- 
ment des zones de focalisation a partir dudit moyen 
de memoire d'image pour synthetiser les zones de 
focalisation selon une unique image. 

5. Camera video selon la revendication 2, caracteri- 
s6e en ce qu'elle inclut: 

ledit systeme d'objectif (10) pour focaliser une 
information optique d'un objet a photographier 
ou similaire; 

ledit element de saisie d'image (20) pour r6ali- 
ser des operations de saisie d'image eiectri- 
que; 

ledit moyen de generation de vibration (100) 
pour faire vibrer ledit element de saisie d'image 
lui-meme ou une partie ou la totality dudit sys- 
teme d'objectif selon une amplitude pr6deter- 
min6e selon une periode pr6d6termin6e sui- 
vant une direction d'un axe optique; 
un systeme d'entree d'image (200) connecte 
audit moyen de generation de vibration pour 
r6aliser un traitement de conversion d'informa- 
tion predetermine pour traiter une sortie d'ima- 
ge; et 

ladite memoire d'image (35) pour stocker la 
sortie d'image; 

incluant en outre une CPU (90) pour comman- 
der le traitement d'image, un bus de commande 
(9) connecte a ladite CPU pour transmettre un 
signal de commande depuis ladite CPU et un 
bus d'image (8) pour transmettre une informa- 
tion d'image, 

dans lequel ledit bus de commande est connec- 
te a: 

un systeme de detection de flux optique (300) 

pour detecter des caracteristiques etdes points 

de similarite de I'image; 

une memoire de flux optique (65) pour stocker 

une information associee au flux optique pour 

un traitement de surveillance; 

un systeme de circuit de mesure de focalisation 

d'extension, abr6g6 en FOE (400) pour mesu- 

rer un point FOE depuis lequel le flux optique 

d'un objet stationnairedans I'image est g6ner6; 

et 

un systeme de circuit de decision d'intrusion 
(500) pour detecter un objet en intrusion. 

6. Camera video selon la revendication 5, caracteri- 
s6e en ce que: 

ledit systeme d'entree d'image (200) realise un 
traitement de conversion predetermine d'une 
information d'image d'entr6e obtenue lors d'un 
demi-cycle d'une periode de vibration et stocke 
une information traitee dans ladite memoire 
d'image par I'intermediaire dudit bus d'image; 
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et 

ledit systeme d'entree d'image (200) com- 
prend: 

un convertisseur analogique-numerique (6) 
pour convertir le signal d'image emis en sortie s 
depuis ledit corps de camera ( 1 ) selon un signal 
numerique; et 

une interface ITV (7) pour transmettre le signal 
d'image numerique k ladite memoire d'image 
(35). w 

Camera video selon la revendication 5, caracteri- 
see en ce que: 

ledit systeme de detection de flux optique (300) 15 
obtient un deplacement associe k une zone 
correspondante parmi une pluralite d'images 
en serie temporelle pre-stockees dans ladite 
memoire d'image en conformite avec un traite- 
ment d'analyse predetermine afin d'obtenir un 20 
flux optique de la zone correspondante; et 
ledit systeme de detection de flux optique (300) 
comprend: 

un circuit de detecteur de caracteristique et de 
similarite (310) pour detecter des caracteristi- 2$ 
ques et des points de similarity des images; et 
une memoire de detection de caracteristique et 
de similarite (350) pour stocker le processus de 
detection et son resultat de detection. 

30 

Camera video selon la revendication 5, caracteri- 
see en ce que: 



9. Camera video selon la revendication 5, caracteri- 
see en ce que: 

ledit systeme de circuit de decision d'intrusion 
(500) decide de separer la pluralite d'images 
selon une image comportant le point FOE et 
une image ne comportant pas de point FOE afin 
de detecter un objet en intrusion; et 
ledit systeme de circuit de decision d'intrusion 
(500) comprend: 

un circuit de decision (52) pour determiner que 
les lignes obtenues par ledit systeme de circuit 
de mesure FOE (400) passent par le point FOE; 
et 

une memoire de parametre (56) pour stocker 
une valeur de seuil predeterminee et le resultat 
de decision. 



ledit systeme de circuit de mesure FOE (400) 
analyse des deplacements d'un fond et d'un ob- 35 
jet afin d'obtenir un flux optique entre des ima- 
ges du fond et de I'objet, et mesure un point 
FOE (focalisation d'extension) au niveau du- 
quel un flux optique d'un objet stationnaire ob- 
tenu suite a un deplacement d'un plan de saisie 40 
d'image suivant une direction d'un axe optique 
est genere a partir d'une chatne de vecteurs de 
deplacement obtenue en connectant des vec- 
teurs correspondants du flux optique; et 
ledit systeme de circuit de mesure FOE (400) 45 
comprend: 

un circuit de detection de ligne (42) pour obtenir 
des expressions lineaires a partir de la chaine 
de vecteurs de deplacement sur la base du flux 
optique en utilisant un proc§de predetermine; so 
un circuit de calcul FOE (44) pour obtenir des 
intersections d'une pluralite de lignes rectili- 
gnes representees par les expressions lineai- 
res et pour calculer des coordonnees du point 
FOE conformement a un precede predetermi- ss 
ne; et 

une memoire FOE (46) pour stocker les coor- 
donnees calculees du point FOE. 
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